Background: The type of dyes used in textile industries are synthetic dyes which are toxic and cause harm to the aquatic ecosystem; in this paper, adsorptive removal of dye Color Index Acid Orange 67 pollutant from aqueous solutions using a novel resin synthetic from waste foam packing was investigated using the batch method. Results: The adsorbent was characterized by Fourier-transform infrared spectroscopy (FTIR), surface morphology, and zero surface charge. Batch adsorption studies were carried out under various parameters such as contact time, pH, initial dye concentration, adsorbent dosage, and solution temperature on the removal of AO67. Experimental isotherm data were analyzed using Langmuir, Freundlich, Dubinin-Radushkevich (D-R), and Temkin isotherm models, and the isotherm constants were calculated using linear regression analysis for the determination of the isotherm parameters which describe the adsorption process. The best fit was obtained by Langmuir model. A comparison of kinetic models applied to the adsorption of Acid Orange 67 (AO67) onto resin polystyrene foam (RPSF) was evaluated for the pseudofirst-order, the pseudo-second-order, Elovich, intraparticle diffusion, and Bangham's kinetics models. The adsorption kinetic data were properly fitted very well with the pseudo-second-order kinetic model. The thermodynamic parameters and activation energy were evaluated.
Background
Dyes are the major pollutants of the wastewater produced by industries such as textile, paint, and cosmetics (Adak et al. 2005; Hameed and Ahmad 2009; Bhattacharyya and Sharma 2005 and Hu 2007) . The productions of dyes are over 7 × 10 5 metric tons based on worldwide research, and 5-10% of the dyes are lost in industrial effluents (Bajpai and Sorptive 2010) . Since textile industries consume large quantities of water, the wastewater produced large volume of dyes (Hameed and Ahmad 2009) . Moreover, the type of dyes used in textile industries are synthetic dyes which are toxic dyes and cause harm to the aquatic ecosystem (Adak et al. 2005 and Bajpai and Sorptive 2010) . Other than that, dyes consist of carcinogenic and mutagenic effects which can affect aquatic life and human (Bhattacharyya and Sharma 2005) . To avoid this kind of disease, researchers have found some method to remove dyes from wastewater. There are a few methods used in dye removal such as sedimentation, chemical treatment, oxidation, biological treatment, electrochemical methodology, and finally adsorption (Gupta 2009 ). Adsorption is widely used because this method requires simple operation procedures, low cost compared to the other separation process and no sludge formation (Mohanty 2006) . The adsorption method will use an adsorbent as a medium to adsorb dyes from the wastewater. There are several types of adsorbents: alumina, iron oxide, zeolites, activated carbon, and natural adsorbents (Gupta 2009 ). Natural adsorbents are widely used because these materials are low cost and waste materials. The natural adsorbents usually used as adsorbent for dye removal are peat, chitosan, natural coal, cotton, orange peel, etc. (Gupta 2009) . Polystyrene is most commonly used now, thermoplastic substances that are solid state in room temperature, are not biodegradable, and resist photolysis. The foam polystyrene products are ubiquitously used as insulation and used in industrial applications such as foam packaging for food, air bubble plastics, and foam drink cups (Prapat et al. 2011) .
Polystyrene is an aromatic polymer that is made from the monomer styrene. It is along hydrocarbon chain that has a phenyl group attached to every carbon atom. Polystyrene foam are considered as plastic waste foams, interesting and alternative synthetic adsorbent materials, and used as new sorbents for adsorption of pollutant dyes as acid orange 67 (AO67) dye for waste water treatment. The synthetic resin from waste foam packing is an excellent sorbent material due to its highly available surface area and extremely low cost. In addition, it is stable in acids and bases. The capacity of waste polystyrene plastics for dye removal was investigated in this study.
Materials and methods

Materials
All chemicals used in this study were of analytical grade. Sulfuric acid, sodium hydroxide, and sodium chloride were supplied from Aldrich Company, and Acid dye, nylomine orange (C.I. Acid Orange 67) was supplied Imperial Chemical Industries, ICI. The absorption maximum was observed for acid orange 67 dye at 442 nm in pure aqueous solution, and the chemical structure of AO67 show in Scheme 1. The wastes of polystyrene foam for food packaging (Scheme 2) were collected from the environment. All chemicals were used without further purifications. Double distilled water was used throughout the experiments for preparation and dilution of the solutions.
Preparation of resin from waste foam packing
The synthetic resins were prepared from wastes polystyrene foam for food packaging. The method for resin preparation was applied based briefly from Bekri-Abbes et al. 2008 , polystyrene foam was crushed to obtain a size of 0.2-0.3 cm 2 for the total weight of about 30 g. Each 5 g of raw material was transferred in a flask with 100 mL 95% sulfuric acid and left to react under room temperature till the reaction period is completed. The slurry was filtered with a funnel and washed with 250 mL of distilled water for ten times. The pH paper was using to check the residual sulfuric acid in washed water to ensure the removal from resin. The resin was then dried at 40°C for 30 min. The neutralization process was introduced by stirring the resin for 2 h at 500 ml 1 M NaCl solution. This process aims to convert the sulfonated polymer resin into its Na + form. The ion exchange capacity was evaluated by measuring the concentration of H + which was exchange with Na + when the acid form of sulfonated polystyrene was equilibrated with NaCl solution. The dry polymer (5 g) in the H + form was placed in 100 mL of 0.2 M NaCl solution and shaken for 2 h, and the amount of H + released by the polymer was determined by titration with 0.01 M NaOH. The finished synthetic resin from waste polystyrene foam packaging (RPSF) is shown in Fig. 1 .
Apparatus of surface characterization
The surface morphology of the synthetic resin from waste polystyrene foam packaging (RPSF) was characterized by using scanning electron microscope (SEM; JEOL JSM-5400 SEM, Tokyo, Japan) and was operated at 20 kV. In order to increase the conductivity of the samples, they were gold coated using a JEOL FRC 1200 fine coater before taking SEM. The powder X-ray diffraction patterns were obtained on a Pan analytical X-ray diffractometer (PW1830). Transmission electron microscope (TEM) measurements were performed using JEOL JEM-1010 (Tokyo, Japan) with resolution point 0.45 nm to characterize the synthetic resin (RPSF), operated at 200 kV. The synthetic resin (RPSF) was dispersed in ethanol, and then a drop of the above dispersion was taken on a carbon coated copper grid (300 meshes) for TEM imaging. Fourier-transform infrared (FTIR) spectroscopy was used in order to analyze and detect the functional group which presented in samples before and after adsorption process. FTIR spectra were recorded on Mattson 1000, Unicam infrared spectrophotometer, Cambridge, England, in the range 400-4000 cm −1 using KBr pellets. A dry constant weight from RPSF was ground with 20 mg of KBr and then pressed to form transparent disks. The zero-point charge of synthetic resin (RPSF) was determined by a digital pH meter (Satorius Model PB-11) combined with glass electrode and was used for other all experiments. A UV-spectrophotometer (Model T60 spectrophotometer, UK) was used for adsorption study of Color Index (C.I.) Acid Orange 67. The surface areas of the synthetic resin (RPSF) were measured using Sears method (Sears 1956) . A sample containing 0.5 g of each adsorbent was acidified with 0.1 N HCl to pH 3 to 3.5. The volume was made up to 50 ml with distilled water after addition of 10.0 g of NaCl.
The titration was carried out with standard 0.1 M NaOH in a thermostatic bath at 30°C to pH 4.0 and then to pH 9.0. The volume, V, required to raise the pH from 4.0 to 9.0 was noted, and the surface area (S; m 2 g− 1 ) was computed from the Eq. (1).
Batch adsorption studies
The effect of various parameters on the removal of C.I. Acid Orange 67 onto synthetic resin (RPSF) was studied. For each experimental run, 40 ml of dye solutions of known initial concentration and pH was taken in 100-ml plugged conical flask. A suitable adsorbent dose of synthetic resin (RPSF) was added to conical flasks containing 40 mL dye solutions; adsorption of dye solutions was carried out at 25 ± 1°C for 24 h in batch system, and the Scheme 2 Chemical structure of polystyrene foam for food packaging mixture was shaken at a constant agitation speed (200 rpm) for 1 h. After shaking, the suspension was separated from the adsorbent by centrifugation at a rotation speed of 6000 r/min for 5 min. Adsorption equilibrium isotherms were studied using synthetic resin (RPSF) dosages from (0.02-0.4 g) per 40 ml of dye solutions. Initial concentrations were ranged from 5-150 mg/L using initial pH 2.5 ± 0.5 which is lower than the pH pzc of the adsorbent; the solution was separated from the mixture and analyzed for A.O 67 concentration. The amount of dye adsorbed per unit mass of the adsorbent was analyzed by UV-visible spectrophotometer and calculated as follows:
and the percent removal may be calculated as:
where C o is the initial concentration (mg/L), C e is the dye concentration (mg/L) at any time, V is the volume of the solution (L), and M is the weight of the adsorbent used (g). The effect of pH on the rate of adsorption was investigated using dye concentration of 100 mg/L for constant synthetic resin (RPSF) dosages. The pH values were adjusted with 0.5 N HCl and 0.5 N NaOH solutions. The suitability of the Langmuir, Freundlich, DubininRadushkevich (D-R), and Temkin adsorption models to the equilibrium data were investigated for dye sorbent system.
Results
The surface morphology of synthetic resin (RPSF) obtained from waste environment is characterized by high porosity as shown in Fig. 2a and b. Fine micro particles were observed with a diameter of 200 μm in the SEM of synthetic resin (RPSF). The presence of these fine particles leads to an increase in the porosity, and the surface area of the synthetic resin (RPSF) was confirmed by the measured surface area (23 m 2 g −1 ).
FTIR spectra of synthetic resin prepared from wastes polystyrene foam (RPSF) Figure 3 shows the FTIR spectra of raw polystyrene foam and synthetic resin prepared from polystyrene foam, from which changes in the structures of polystyrene foam on sulfonation were deduced. These corresponded with the appearance of new absorption bands and the splitting of others, consistent with the presence of −SO 3 Na group on the aromatic ring. New absorption bands at 1250 and 1078 cm −1 were assigned to the stretching of the asymmetric and symmetric stretching of the O=S=O group, respectively.
Zero surface charges of resin polystyrene foam (RPSF)
The point zero charge (pH pzc ) of RPSF was determined by the solid addition method. The net charge of surface is zero on the adsorbent surface at pH pzc ; therefore, no activation of acidic or basic functional groups are detected on the solution pH. Batch equilibrium method was used for the determination of point of zero charge. To each of the flask, 0.1 g of respective adsorbents was added including 100 ml solution KNO3 (0.01 N) in the pH range between 2 and 10. The initial pH of solutions was adjusted by adding drops of 0.5 N NaOH and 0.5 N HCl solutions; each flask was sealed and shaken thoroughly for 48 h at room temperature, and the final pH f of the solution was measured and recorded. The total charge adsorbed on RPSF surface was determined by ΔpH (the difference in the value of pH of the solution before pH o and after 48 h pH f ). The intersection of obtained curve with pH o axis indicated the pH pzc value. Figure 4 shows the plot between ΔpH, i.e., (pH o −pH f ) and pH o for pH pzc , measurement for polyester foam. The point of zero charge is found to be 7.26. At a low pH (< pH pzc , i.e., < 7.26) (Silva et al. 2004 and Hilal et al. 2013) , the polyester foam surface should be net positive charge, and the AO67 dye molecules, with a sulfuric 
Discussion
Adsorption studies Effect of solution pH Figure 5 shows the AO67 dye ions removal and adsorption capacity of RPSF wastes with variable solution pH values. From the figure, it is evident that the solution pH affects the adsorption process. The increase in solution pH from pH 1 to 2.5 resulted in sharp a decrease in both percentage removal and adsorption capacity. The maximum adsorption of AO67 dye ions are obtained at pH 2.5. Therefore, pH 2.5 was selected as optimum pH for AO67 ion adsorption onto RPSF wastes. Studying the effect of solution pH on the adsorption of Congo red by pine cone, they noticed that the adsorption was maximum at lower pH, and this suggest lower pH solution results in an increase in the percentage of anionic dye removal because of the electrostatic attraction between the anionic dye and the positive surface charge of the adsorbent (Dawood and Sen 2012) . At higher solution pH, electrostatic repulsion is found between the negatively charged surface and dye molecules, this is due to the negative charge surface sites on the polystyrene foam wastes (RPSF) that were not favorable to the adsorption anionic dye due to electrostatic repulsion. Moreover, there was a competition between the hydroxide ions and the dye anions. The repulsion between anionic dye molecules and the excessive hydroxide ions resulted in a sharp decrease in adsorption, thus decreasing the adsorption capacity and percentage removal of anionic dyes (Salleh et al. 2011 ).
Effect of resin of polystyrene foam wastes (RPSF) dosage
Adsorbent dose is representing an important parameter due to its strong effect on the capacity of an adsorbent at given initial concentration of adsorbate. The effect of adsorbent dose on the removal percentage of the dye was conducted over a range of RPSF doses of 0.02 to 1.0 g/40 mL at an initial concentration of 5-150 mg/L for minimum contact time 80 min at constant pH 2.5, and the results are presented in Fig. 6 . From the figure, it is clearly observed that with increasing the adsorbent dose from 0.02 to 1.0 g, dye removal efficiency was increased from 75.4 to 88.5 at 0.2 g/40 mL and then decreased to 52.6% at 1.0 g/40 mL. This phenomenon was observed at the dye concentration studied. The increase in percentage removal with the adsorbent dose can be attributed to the increase of the available sorption surface and availability of more adsorption sites (Meena et al. 2012 )
Effect of initial dye concentration
The relationship between initial dye concentrations, percentage removal, and the adsorption capacity has been investigated. The adsorption of dye was carried out at different initial dye concentration ranging from 5 to 150 mg/L at pH 2.5 ± 0.5. The effect of different initial dye concentration on adsorption of dye onto resin polystyrene foam (RPSF) is presented in Fig. 7 . The result indicated the percentage of dye removal decreases with an increase in the initial dye concentration, which may be due to the saturation of adsorption sites on the adsorbent surface. This can be explained by the fact that all adsorbents have a limited number of active sites and at a certain concentration the active sites become saturated.
On the other hand, the increase in initial dye concentration will cause an increase in the capacity of the adsorbent and this may be due to the high driving force for mass transfer at a high initial dye concentration. The increase in the initial dye ions concentration also enhances the interaction between the dye ions in the aqueous phase and the adsorbent surface. This also resulted in higher uptake of dye for the given amount of adsorbent (Salleh et al. 2011) . Thus, the effect of initial dye concentration depends on the immediate relation between the concentration of the dye and the available sites on an adsorbent surface. The initial concentration provides an important driving force to overcome all mass transfer resistance of dye ions between the aqueous and solid phases.
Effect of contact time
The relation between removal of the AO67 dye and reaction time was studied to see the rate of dye removal by resin of polystyrene foam (RPSF). The effects of contact time on the removal of the dye by using fixed amount of 0.2 g/40 mL of resin of polystyrene foam (RPSF) at different initial concentration (50, 100, and 150 mg/L) are presented in Fig. 8 . The results indicate that the rate of dye removal increased depending on the contact time. For the first 50 min, the percentage removal of the dye by the adsorbent is rapid, and thereafter, it proceeds at a slower rate and finally attains saturation at different contact time for different initial concentration. The higher concentration solution of dyes employed, the longer equilibrium time was needed. The rate of removal of the dye is higher in the beginning due to the large surface area of the adsorbent available for the adsorption of dye ions. After a certain period, only a very low increase in the dye uptake was observed because there are few active sites on the surface of the adsorbent (Khaniabadi et al. 2017) . From the contact time studied, it was revealed that 80 min of agitation time is enough to reach equilibrium when 100 mg/L of dyes concentration was employed. Therefore, equilibrium time of 80 min was selected for the adsorption of AO67 dye for further studies.
Thermal effect
Adsorption process of AO67 were also conducted at different temperatures (25, 40, and 60°C) using 0.2 g of resin of polystyrene foam (RPSF) and 100 mg/L of AO67. The results indicated that the uptake capacity increased with increased solution temperature from 66.8 mg/g at 25°C to 74.2 mg/g at 60°C, which is attributed to enhanced diffusion of AO67 molecules towards the active sites of RPSF leading to higher adsorption capacity (Alkan et al. 2008 ).
Summarize the effects of different variables on the dye removal in presence of RPSF
The influence of the different process variables on the response factor (% removal) is visualized in the 3D response surface plots (Fig. 9) . In adsorption processes, both the adsorbent dose and solution pH play very Figure 9a shows the three-dimensional response surfaces representing the combined effect of adsorbent dose and pH on adsorption of the dye at constant agitation rate (200 rpm) and time (80 min). A decrease in the pH within the experimental range shows an enhancement in the adsorption rate of the dye. In acidic conditions, the surface of the adsorbent was positively charged due to the high concentration of H + , so the electrostatic attraction between the adsorbent and the anionic dye (AO67) was enhanced. In the alkaline condition, the adsorption of AO67 was reduced; this is probably due to the presence of OH − ions on the surface of adsorbents competing with anionic dye for adsorption sites. A maximum dye removal (88.5%) was determined at constant agitation rate (200 rpm) and time (80 min). Figure 9b shows the interactive influence of adsorbent dose and contact time on adsorption from the aqueous phase. It is evident that the dye removal percentage increases with increase in the contact time and the adsorbent dose in the experimental range as in cases discussed earlier. A maximum dye removal (91.1%) was observed at constant pH 2.5 and agitation rate (200 rpm). The response surface plot for combined effect of the solution pH and the contact time (Fig. 9c) suggests that at lower pH, the dye removal percentage by the RPSF increases with the increasing time. A maximum dye removal (89.5%) was observed at constant adsorbent dose (0.2 g) and agitation rate (200 rpm).
Dye adsorption kinetics models
Adsorption kinetics is necessary for the design of adsorption system (Atef and Waleed 2009) . In this present study, the following kinetic models were applied for the experimental data. Pseudo-first-order kinetic model
Pseudo-first-order kinetic model assumes that the rate of change of solute uptake with time is directly proportional to difference in saturation concentration and the amount of solid uptake with time (Lagergran et al. 1998) . The rate constant of adsorption is expressed as a first-order rate expression given as:
q e is the concentration of AO67 adsorbed onto RPSF after equilibrium, q t is the concentration of AO67 adsorbed onto RPSF adsorbed in time t, and k 1 (min .-1 ) is the pseudo-first-order rate constant.
The plot of log (q e − q t ) versus t should give a straight line with slope of − k 1 /2.303 and intercept log qe which allows calculation of adsorption rate constant k 1 and equilibrium adsorption capacity q e . The values of k 1 and q e were calculated for the adsorption of AO67 dye on RPSF at three dye concentrations of 50,100, and 150 mg/ L with constant temperature 25°C and calculated values of k 1 and q e at different temperatures 25, 40, and 60°C with constant dye concentration 100 mg/L; the results are summarized in Table 1 . The pseudo-first-order kinetic model of Lagergran does not fit well with the experimental data over the whole range of initial concentrations studied.
Pseudo-second-order kinetic model
Pseudo-second-order rate equation (Karamipour et al. 2016) in the linear form is expressed as:
where k 2 (g/mg min) is the pseudo-second-order rate constant which can be calculated from the intercept of the straight line obtained from plotting t/q t vs. t, and q e is the equilibrium adsorption capacity (mg/g). Figure 10 shows the pseudo-second-order plot for the adsorption of AO67 dye by RPSF at various initial dye concentrations (temperature 25°C), and Fig. 11 shows the pseudosecond-order plot for the adsorption of AO67 dye by RPSF at different temperatures 25, 40, and 60°C with constant dye concentration 100 mg/L. A plot of t/q t against t should give a linear relationship from which k 2 and q e can be determined from the intercept and slope of the plot. The correlation coefficient values are greater than 0.99 (Table 1) , and the data points give a linear straight line. It indicates that the adsorption of AO67dye by RPSF follow the pseudo-secondorder kinetic model. The second-order rate constants were used to calculate the initial sorption rate, H (mg/g min), given by:
Activation energy
The rate constant k 2 at different temperatures listed in Table 2 was used to estimate the activation energy of the AO67 adsorption onto RPSF (Elizabeth et al. 2014) .
Assume that the correlation among the rate constant (k 2 ), temperature (T), and activation energy (Ea) follows the Arrhenius equation, which induces the following expression:
where R is the gas constant and the slope of plot of lnk 2 versus 1/T was used to evaluate Ea. The value of Ea was estimated to be 22.841 kJ/mol. The magnitude of activation energy gives an idea about the type of adsorption. The physisorption usually have energies in the range 5-40 kJ/mol, while higher activation energies of 40-800 kJ/ mol suggest chemisorptions. The activation energy < 40 kJ/mol for the dye indicates the diffusion controlled physisorption. The Elovich equation
The validity of this equation suggests the reactions involving chemical adsorption of the adsorbent (Akazdam et al. 2017 and Kose and Kıvanç 2011) . Equation (8) shows the mathematical form of the Elovich equation.
where α is the initial adsorption rate (mol/g min) and β is the desorption constant. At time t, β α ≪ 1. To make simpler the Elvoich Eq.
[18], it is assumed that by applying the boundary conditions, q t = 0 at t = 0, the simple form of equation is presented as Eq. (9):
The straight-line plot of q t versus Ln t confirms the validity of the Elovich equation as the suitable kinetic model for the experimental data. The correlation coefficients of the plots of q t versus Ln t for AO67 are 0.905, 0.91, 0.923, and 0.905 for 25, 40, and 60°C, respectively, and 0.911, 0.935, and 0.945 for 50, 100, and 150 mg/L concentration of dye, which indicates this model is not valid for this system. The results are summarized in Table 1 and show in (Fig. 12) .
Bangham's model
It is generally expressed as (Akazdam et al. 2017) :
where C o is the initial concentration of the adsorbate in solution (mg/L), V is the volume of the solution (l), m is the weight of adsorbent used per liter of solution (g/L), q t (mg/g) the amount of adsorbate retained at time t, and α < 1 and k o are constants determined from the plot of log[C o /C o − mq t ] versus log(t). Bangham's model constant can be computed from the slope and intercept of Log [C o /C o − mq t ] versus log(t) at various effects (concentration and temperature) as shown in Figs. 12, 13, and 14. Table 2 lists the kinetic constants α and k 0 obtained from Bangham's equation. Thus, when temperature changed from 25 to 60°C, the value of α decreased from 0.010 to 0.008 and the value of k o decreased from 14,454 to 598 (mL/g/L). The experimental data did not give a good correlation. In addition, it was found that the correlation coefficients for the Elovich model are higher than those obtained for Bangham's model (Table 2 ). This result confirmed that the pore diffusion is not the only rate-controlling step. 
Intra-particle diffusion model
Adsorption is a multi-step process involving transport of the adsorbate (dye) molecules from the aqueous phase to the surface of the solid particles then followed by diffusion of the solute molecules into the pore interiors. If the experiment is a batch system with rapid stirring, there is a possibility that the transport of sorbate from solution into pores of the adsorbent is the rate-controlling step (Akazdam et al. 2017) . Since the AO67 is probably transported from its aqueous solution to RPSF by intraparticle diffusion, so the intraparticle diffusion is another kinetic model developed by Weber and Morris should be used to study the rate-limiting step for AO67 adsorption onto RPSF. The intra-particle diffusion is commonly expressed by:
where C (mg/g) is the intercept and k dif (mg/g min 1/2 ) is the intraparticle diffusion rate constant. The values of the amount of dye adsorbed qt were found to give two lines part with values of the square root of time t 1/2 . The value of C indicates the thickness of boundary layer, and with the larger value of C, the contribution of the surface sorption is greater in the rate-limiting step, (Fig. 13) . The intraparticle diffusion rate constant k dif was in the range of 0.358-1.181 mg/g min 1/2 , and it increases with an increase of temperature. For intraparticle diffusion plots, the first region in the figure is the external surface adsorption that can be attributed to the film diffusion. The second region is the gradual adsorption stage where intraparticle diffusion is the rate limiting. It confirms that intraparticle diffusion was not the only rate-limiting mechanism in the sorption process. The values of k diff1 and k diff2 as obtained from the slopes of the two straight lines are listed in Table 2 . The values of the intraparticle diffusion rates K diff1 are smaller than the film diffusion rates K diff2 . That gives prediction that the dye sorption process may be controlled by the intraparticle diffusion. The plot of constant of Weber and Morris equation depending on the concentration (Fig. 15) shows that the diffusion constant (C) increases with increasing of the concentration in a linear fashion. This confirms that the limited step is the intra-granular distribution.
Dye adsorption equilibrium isotherm models
The adsorption isotherm is significant for the explanation of how the adsorbent will interact with the adsorbate and give an idea of adsorption capacity. The adsorption data collected in this study were fitted in to four well-known adsorption isotherm models, namely Langmuir, Freundlich, Dubinin-Radushkevich (D-R), and Temkin isotherm models.
Langmuir adsorption isotherm
The Langmuir isotherm model was chosen for estimation of the maximum adsorption capacity corresponding to complete monolayer coverage on the sorbent surface because this model is based on several basic assumptions (Barka et al. 2009) (1) Adsorption is assumed to take place at specific homogenous sites with the adsorbent. (2) Once a dye molecule occupies a site, no further adsorption can take place at that site. (3) The adsorbent has a finite capacity for the adsorbate (at equilibrium). (4) All sites are identical and energetically equivalent.
Langmuir model (Langmuir 1916 ) is represented by the following equation.
where q e is the amount of dye adsorbed at equilibrium (mg/g), q m is the monolayer adsorption capacity (mg/g), K L is the Langmuir constant related to energy of adsorption, and C e is the equilibrium concentration (mg/L). Figure 16 shows a linear plot of C e /q e against C e for the removal of AO67 by RPSF. The Langmuir adsorption capacity varies from 82.64 to 113.60 mg/g for AO67 onto RPSF with an increase in temperature from 25 to 60°C. This indicates that the adsorption is favored at high operating temperature. Similar results were reported for the removal of basic and acidic dyes by the low-cost adsorbent (Arivoli et al. 2008) . The Langmuir isotherm fits quite well with the experimental data with very good correlation coefficient as shown in Table 2 . R L is the separation factor which is calculated by the following equation to confirm the favorability of the adsorption process (Filipkowska et al. 2002) .
The values of R L are found to be between 0 and 1 and confirm that the adsorption process is favorable.
Freundlich adsorption isotherm
The Freundlich isotherm is an important relationship describing the sorption of solute from a liquid to a solid surface (Fig. 17) . Freundlich model (Freundlich 1906 ) is expressed as.
Log q e ¼ log k f þ 1=n log C e ð14Þ
A plot of log q e versus log C e gives a linear line with a slope of 1/n and intercept of log k f , and the results are given in Table 2 . From the experimental data, k f values increased with increasing temperature for AO67, implying that the adsorption process may be endothermic in nature. If n < 1, then the bond energies increase with the surface density. If n > 1, the bond energies decrease with the surface density. When n = 1, all surface sites are equivalent. Alternatively, it has been show using mathematical calculation that n values between 1 and 10 represent beneficial sorption. In the present study, the values of n higher than unity represent a favorable adsorption condition. The correlation coefficient values are poor compared to the Langmuir isotherm model.
Dubinin-Radushkevich (D-R) adsorption isotherm
The D-R isotherm describes the adsorption on a single uniform pore (Fig. 18) . Dubinin-Radushkevich isotherm (Subha and Namasivayam 2009 ) is generally expressed as follows:
q D represents the maximum sorption capacity of the sorbent and β is a constant related to the mean free energy of adsorption per mole of the adsorbate (mol 2 / J 2 ). R (J/mol/K) is the gas constant and T(K) is the absolute temperature. The Polanyi adsorption theory postulates (Polanyi 1932 ) a fixed volume of sorption site close to sorbent surface and existence of sorption potential over these site. The sorption potential is related to an excess of sorption energy over the condensation energy and is independent of temperature. A plot of lnq e versus ε 2 gave a straight line, from which values of q D and β for AO67 onto RPSF were evaluated in Table 2 . D-R isotherm is not able to describe the experimental data properly because of the poor linear correlation coefficient for the adsorption of the AO67 onto RPSF at different temperatures.
Temkin isotherm model
Temkin and Pyzhev (1940) considered the effects of some indirect adsorbate or adsorbate interactions on adsorption isotherms and suggested that because of these interactions the heat of adsorption of all the molecules in the layer would decrease linearly with coverage (Fig. 19) . The Temkin isotherm has commonly been applied in the following form: 
The Temkin constants A and B are calculated from the slope and the intercept of q e versus lnC e . The linear isotherm constants and coefficients of determination are presented in Table 2 . Examination of the data shows that the Temkin isotherm is not applicable to the AO67 adsorption onto RPSF adsorbent judged by a low correlation coefficient (R 2 ).
Thermodynamic studies
Thermodynamic parameters such as enthalpy change ΔH o , free energy change ΔG o , and entropy change ΔS o can be estimated using equilibrium constants changing with temperature. The free energy change of the sorption reaction is given by equation van't Hoff equation (Abramian and El-Rassy 2009 and Ahmed and Hameed 2018) ln
where ΔG o is the standard free energy change, Joule; R is universal gas constant, 8.314 J mol −1 K −1 ; and T is absolute temperature. K C is called adsorption affinity which is defined as the ratio of dye uptake and dye concentration in the aqueous solution at equilibrium (q e / C e ). q e is the amount of dye adsorbed per unit mass of adsorbent at equilibrium, and C e is the equilibrium concentration of the adsorbate in the solution. The thermodynamic characteristics for the adsorption process were evaluated through computation of Gibb's free energy (ΔG o (Khosla et al. 2013) . Positive value of ΔS o indicates the AO67 molecules were suggested to have favorable randomness factor though its value is small. This suggests that despite the small particle size of adsorbent the reaction is energetically favorable. The thermodynamic parameters were calculated and are given in Table 3 .
Removal of RB222, RY 145, and AR37 from simulated wastewater by RPSF Under optimum conditions which were attained in this study for removal of AO67 onto RPSF from aqueous solution, removal of reactive Blue 222 (RB222), reactive Yellow 145 (RY145), and Acid Red 37 (AR37) was studied from the simulated wastewaters onto RPSF. The low and the high amount of adsorbent, contact time, the capacity of adsorbents, and removal percentages were considered in the simulated wastewaters. Figures 20 and 21 represent the effect of contact time on removal percentage and adsorbent capacity. The figures show the removal of different dyes (AO67, RB222, RY145, and AR37) from wastewaters may be carried out by using RPSF under optimum conditions, the effect of adsorbent more affective for dye AR37 than dyes AO67, RB222, and RY145.
Conclusion
The ability of RPSF in removing the anionic dye AO67 dye from aqueous solution has been investigated. RPSF could almost remove over 88.5% of AO67 within 80 min of contact time; adsorbent dose 0.2 g/L and the solution pH = 2.5 ± 0.5 have important bearing on the extent of this process. This indicates that the pH is more important in the controlling of adsorption rather than the nature of the surface sites. This work confirms that the RPSF could be used for the removal of dyes from aqueous solutions. The equilibrium time is independent of the concentration, and the amount adsorbed at equilibrium increases with concentration. This is because the diffusion of dye molecules from the solution to the surface of the adsorbent is accelerated by increasing the dye concentration. The adsorbed amount increases with increasing temperature. Results indicate that the adsorption isotherm data were fitted in good agreement with the Langmuir isotherm model by comparing the values of the linear correlation coefficient R 2 . The adsorption process followed the pseudo-second-order kinetics, and the calculation of activation energy indicates the adsorption process in physical nature. The positive values of ΔH o indicate that the adsorption process of AO67 on RPSF was endothermic and irreversible in nature. Positive value of ΔS o indicates the AO67 molecules were suggesting favorable randomness factor though its value is small. This suggests that despite the small particle size of adsorbent the reaction is energetically favorable. The removal of different dyes (AO67, RB222, RY145, and AR37) from wastewaters may be carried out by using RPSF under optimum conditions, the effect of adsorbent more affective for dye AR37 than dyes AO67, RB222, and RY145). 
